Introduction
Potato (Solanum tuberosum L.) is one of the most important vegetables in Egypt which gained a considerable importance as an export to European markets (Eleiwa et al., 2012) . Potato is a short-cycle crop and present high production capacity, it is highly influenced by the application of different nutrients to the soil (Luz et al., 2013) .
It has been usually applied high rates of phosphate fertilizers in the cultivation, aimed at achieving high levels of tuber yield and larger tuber (Luz et al., 2013) . Phosphorus has various effects on tuber quality, such as tuber size and percentage of dry matter (indicated by specific gravity) of the tuber (Freeman et al., 1998 and Rosen et al., 2014) . Kafkafi (1994) considered fertigation as an efficient method for providing and supplying available forms of immobile elements such as P, at a desirable level in root zone. Also successful P-fertigation has been reported by Papadopoulos, (2000) . As regards to the effect of P source on yield, Brito et al. (2000) revealed that the highest commercial yield was obtained with H 3 PO 4 applied through trickle irrigation. Papadopoulos and Ristimaki-Leena (2000) indicated that UP as a source of P gave the highest yield compared with DAP and MAP.
This study was initiated to evaluate the effect of different sources and rates of phosphorous fertilizers on yield and quality of potatoes tuber grown in sandy soil under fertigation system.
Material and Methods
A field experiment was established at El-Sadat City, Menoufia Governorate, Egypt, during two successive Fall (nili) seasons 2013 and 2014. Potato (Solanum tuberosum L.). Cv. Diamante was chosen as an indicator plant in this study. The split plot design was used with three replicates under drip irrigation system. The plot area was 17.5 m 2 (3.5 m x 5m). Some physical and chemical properties of initial soil under investigation are shown in Table 1 .
A
FIELD experiment was performed in the sandy soil at El-Sadat City, Menoufiea Governorate, Egypt, for two consuctive seasons (2013 and 2014) to investigate the effect of different sources and rates of phosphorus fertilizers on yield and tuber quality of potato (Solanum tuberosum L.) Cv. Diamante grown on sandy soil. The experiment was conducted under drip irrigation system in split design with three replicates. Four sources of phosphorus were used: phosphoric acid (H 3 PO 4 ), mono ammonium phosphate (MAP), ammonium poly phosphate (APP) and urea phosphate (UP) with three rates, 50, 75 and 100 kg P 2 O 5 /fed applied through irrigation water.The results showed significant differences among the sources and rates of phosphorus fertilizers on total yield, tuber weight, tuber diameter, specific gravity and starch content of tuber. The data revealed that UP and APP were the best among other sources. Data also showed that yield and quality of tuber increased with increasing phosphorus rates up to 100 kg P 2 O 5 /fed. The data also presented that in both seasons, UP gave the highest P concentration in soil compared with other sources of phosphorus. 
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Soil analysis
Soil samples (0-30 cm) were taken from the experimental site at the beginning and the end of the experiment. Particle size distribution was carried according to Gee and Bander (1986) . Total CaCO 3 was dertermined using Collins calicimeter (Sparks, 1996) . pH, EC, organic matter , available K, P and N were determined according to Sparks, (1996) .
Data for plant recorded
Each experimental plot was harvested after 120 days of planting, then total tuber yield (ton/ fed) were recorded. For each plot h arvested tubers were graded into three categories according to tuber weight i.e. small (< 30g), medium (30-60 g) and large tubers (> 60 g). Specific gravity of tubers was estimated, where : specific gravity = weight in the air/weight in the air-weight in the water.
Starch (%) was determined according to the method described by Nandutu et al. (2002) . Phosphorus was determined in the fourth leaf from the top after 75 days from planting and in tubers according to the method described by Pierzynski (2000) . The obtained data were statically analyzed according to Snedecor and Cochran (1990) .
Results and Discussion
Yield
The tuber weight of each class category as affected by phosphorus fertilizer sources at harvest is presented in Tables 2 & 3. The data indicated significant differences between the sources and the rates of P fertilizer in terms of the grades of tuber weight. In both seasons potatoes of APP treatment had significantly lower yield of small tuber compared to that obtained with other sources.
Also, UP and APP had significantly higher tuber yield of medium and large size compared to those supplied with other P sources. These results were in agreement with Salem et al. (2004) . The data showed that, as the P rate increased, the yield of medium (30-60g) and large (> 60 g ) size tubers increased. In both seasons, potatoes of the treatment of 100 P 2 O 5 /fed. had significantly lower weight of small tuber size comparing to other P fertilizer rates. These results agree with those of Curless et al. (2004) . Table 3 indicate that in both seasons, total yield was significantly affected by the P fertilizer sources. Potato of the treatments of APP and UP had significantly highest total yields comparing to other sources. These results are in agreement with Papadopoulos (2000) who found that UP gave the highest yield.
Data of
The results showed that the increase of the yield was proportionally with the increase of P rate of application. Agreeing with these results, Luz et al. (2013) mentioned that application of high rates of phosphate fertilizers produced high levels of both potatoes yield and larger tubers. Data in Table 4 indicated that all sources of phosphorus had similar effect on tuber weight and size in both seasons. Both UP and APP were superior than the other P fertilizers sources.
In both seasons, increasing phosphorus rate significantly affected tuber weight and size. For all sources of P fertilizers, application of 100 kg P 2 O 5 /fed produced maximum tuber weight and size. These results agree with those of AlvarezSnchez et al. (1999) .
Tuber quality
The tuber specific gravity is a measure of quality of potato tuber which is related to the dry matter content of the tuber, The specific gravity was positively affected by P fertilization (Table 5 ). The specific gravity of potatoes of treatments of the high rate of UP and APP were lower than those recorded for other sources and rates of P fertilizers treatments. Significant differences were obtained between both UP and APP and the other sources in both seasons, while the differences between UP and APP were insignificant. In this concern, Rosen et al. (2014) found that the specific gravity levels were maximized by the lowest rates of P applied. Also, Freeman et al., (1998) observed reduction in the specific gravity of potato tuber as a function of P rates. These results were in agreement with Khan et al. (2010) where they reported that potatoes with low specific gravity are preferred for preparation of chips and French fries. Potatoes with low specific gravity are used for canning. However, potatoes of very high specific gravity (1.10 g/cm 3 ) may not be suitable for French Fries production because they become hard or biscuit like. So purpose of growing potato should be kept in mind. Data in Table 5 illustrate that starch in potato tuber was significantly affected by both sources and rates of P application. Among all P sources, starch content of UP treatment was the highest.
In both seasons, increasing phosphorus rate significantly affected starch content in potato tuber. These results are in agreement with those of Stark and Love (2003) who reported that, the influences of P on solids are expected as P tends to increase starch synthesis and hasten crop maturity. Also, Fernandes et al. (2015) found that as the rate of P increased, the starch content increased. Phosphorus participates in a number of key enzymes involved in the regulation of starch synthesis (sucrose phosphate synthase, fructose-1,6 -bisphosphatase and ADP-glucose pyrophosphorylase) (Taiz and Zeiger, 2013) and is also part of its composition, being connected to the amylopection fraction of starch, in the form of phosphate ester (Nielsen et al. 1994) .
Phosphorus content in potato leaves and tubers
Data in Table 6 indicated that sources of P fertilizer had significant effect on P percentage of leaves and tubers at harvest (120 days after planting). In both seasons, P percentage in leaves and tubers of potatoes which supplied with UP was significantly higher than those fertilized with other sources. These results are similar to those reported by Al-Showk et al. (1987) . Eissa (2014) also found that phosphate availability and therefore, plant phosphorus absorption increased with urea phosphate.
The data also indicated that increasing phosphorus rate significantly affected P percentage in leaves and tuber. Similar trend was obtained by Fernandes et al. (2015) .
Available phosphorus
Phosphorus content in soil at the beginning and the end of experiment are presented in Table  7 . The soil P content significantly increased as the rate of applied P increased.
Regarding, P source, the data illustrated that UP and APP give the highest values of P content in soil comparing with other sources. Similar results were obtained by Papadopoulos, (2000) who found that more positive results obtained with UP. Also, he reported that the concentration of P in soil solution is increased due to the induced acidification by UP. Eissa (2014) and Eissa et al. (2010 ) reffered the superiority of urea phosphate to the acidity of this fertilizer . 
